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(57) ABSTRACT

A network communication power supply with digital signal
1solation includes a transformer, a transformer drive circuit,
a rectifier, and a modulation signal duty cycle detection
circuit. The transformer has a primary side and a secondary
side. The transformer drive circuit 1s coupled to the primary
side, and receives a digital signal input. The transformer
drive circuit converts the digital signal mput into a drive
signal with a duty cycle corresponding to a logic level of the
digital signal mnput according to the logic level. The digital
signal put includes a power content. The rectifier 1s
coupled to the secondary side and converts the power
content to provide a power source. The modulation signal
duty cycle detection circuit 1s coupled to the rectifier and
supplied power by the power source, and provides a digital
signal output with a high or low level according to the duty
cycle.

14 Claims, 2 Drawing Sheets
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NETWORK COMMUNICATION POWER
SUPPLY WITH DIGITAL SIGNAL
ISOLATION

BACKGROUND

Technical Field

The present disclosure relates to a network communica-
tion power supply, and more particularly to a network
communication power supply with digital signal 1solation.

Description of Related Art

The statements 1n this section merely provide background
information related to the present disclosure and do not
necessarily constitute prior art.

With the advent of the 5G era, the demands of network
communication servers, switches, and small cells have rap-
1dly grown, and the design of power supplies 1s also devel-
oping toward high power, small size, and light weight.
Moreover, as the power systems 1n telecommunications,
networks, and computer systems have continuously
improved requirements for safety, reliability, power density,
and smart management in recent years, the status of 1solation
technology will become more and more 1mportant.

The challenge of digital power 1solation 1s that 1t must be
fast, accurate, and small 1n size to transmit analog or digital
signals across the isolation. For example, in the current
technology, photo couplers are often used to transmit analog,
or digital signals from the secondary side to the primary
side, or from the primary side to the secondary side. The
photo coupler 1s a combination of a pair of light-emitting and
light-receiving elements, and 1t uses light to transmit signals,
and 1s electrically 1nsulated between the mnput end and the
output end 1n systems. According to the characteristics of the
photo coupler, 1t can be considered as a relay or a signal
converter to achieve complete electrical 1solation between
the mput end and the output end.

Please refer to FIG. 1, which shows a block circuit
diagram of a conventional network communication power
supply with digital signal 1solation. For network communi-
cation (Netcom) power supplies, the required digital signals,
such as AC pre-warning signals, power good signals, etc.,
are transmitted from the primary side to a load end in the
secondary side. As shown 1n FIG. 1, the photo coupler 40A
used for signal transmission needs to be powered by an
additional auxiliary power Vaux to maintain the normal
operation ol the photo coupler 40A. For example, the
auxiliary power Vaux provides power to supply a signal
level converter (not shown) of the photo coupler 40A so that
a high-level logic signal can be generated to the secondary
side 1 the system before the power supply 1s oflicially
activated. However, 11 there 1s no auxiliary power Vaux or
the auxiliary power Vaux 1s removed, the high-level logic
signal will not be normally generated to inform the second-
ary side in the system.

In particular, the auxiliary power Vaux 1s acquired by
converting and processing an mput power Vin through a
transformer drive circuit 10A, a transformer 20A, and a
rectifier 30A, and 1s used as the power supply for the photo
coupler 40A that transmits a digital signal mnput Vsi on the
primary side to a digital signal output Vso on the secondary

side.

SUMMARY

An object of the present disclosure 1s to provide a network
communication power supply with digital signal 1solation to
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solve the problems of increased equipment (device) cost,
complicated circuit control, and additional circuit design of
providing the auxiliary power for supplying the photo cou-

pler.

In order to achieve the above-mentioned object, the
network communication power supply with digital signal
1solation includes a transformer, a transformer drive circuait,
a rectifier, and a modulation signal duty cycle detection
circuit. The transformer has a primary side and a secondary
side. The transformer drive circuit is coupled to the primary
side, and receives a digital signal mput and converts the
digital signal input into a drive signal with a duty cycle
corresponding to a logic level of the digital signal mput
according to the logic level. The digital signal input has a
power content. The rectifier 1s coupled to the secondary side
and converts the power content to provide a power source.
The modulation signal duty cycle detection circuit 1is
coupled to the rectifier and supplied power by the power
source, and provides a digital signal output with a high or
low level according to the duty cycle.

In one embodiment, the rectifier 1s a diode-capacitor
rectifier.

In one embodiment, the rectifier includes a diode and a
capacitor. An anode of the diode 1s connected to one end of
the secondary side. A first end of the capacitor 1s connected
to a cathode of the diode, and a second end of the capacitor
1s connected to the other end of the secondary side.

In one embodiment, the modulation signal duty cycle
detection circuit includes a three-end voltage regulator, a
filter unit, and a switch unit. The three-end voltage regulator
has a cathode end, an anode end, and a reference end. The
cathode end and the anode end receive the power source.
The filter unit 1s coupled between the reference end and the
anode end. The switch unit 1s coupled between the cathode
end and the anode end.

In one embodiment, the filter unit includes a first capacitor
and a first resistor. The first resistor 1s connected to the first
capacitor in parallel.

In one embodiment, the transformer drive circuit drives
the primary side of the transformer according to the duty
cycle of the drive signal.

In one embodiment, when the duty cycle 1s greater than
50%, the digital signal output 1s high-level; when the duty
cycle 1s less or equal to 50%, the digital signal output is
low-level.

In one embodiment, the transformer drive circuit 1s an
integrated circuit.

In one embodiment, the switch unit 1s a bipolar junction
transistor.

In one embodiment, the rectifier further includes a first
diode. The first diode 1s coupled between the anode of the
diode and the reference end of the three-end voltage regu-
lator.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary, and are intended to provide further explanation of the
present disclosure as claimed. Other advantages and features
of the present disclosure will be apparent from the following
description, drawings and claims.

BRIEF DESCRIPTION OF DRAWINGS

The present disclosure can be more fully understood by
reading the following detailed description of the embodi-
ment, with reference made to the accompanying drawing as
follows:
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FIG. 1 1s a block circuit diagram of a conventional
network communication power supply with digital signal

1solation.

FIG. 2 1s a block circuit diagram of a network commu-
nication power supply with digital signal 1solation according,
to the present disclosure.

FIG. 3 1s a circuit diagram of the network communication
power supply with digital signal isolation according to the
present disclosure.

DESCRIPTION

Reference will now be made to the drawing figures to
describe the present disclosure in detail. It will be under-
stood that the drawing figures and exemplified embodiments
ol present disclosure are not limited to the details thereof.

Please refer to FIG. 2 and FIG. 3, which show a block
circuit diagram and a circuit diagram of a network commu-
nication power supply with digital signal 1solation according,
to the present disclosure, respectively. The network com-
munication power supply with digital signal isolation (here-
inafter referred to as “network communication power sup-
ply”) includes a transformer 20, a transformer drive circuit
10, a rectifier 30, and a modulation signal duty cycle
detection circuit 40. The transtormer 20 has a primary side
and a secondary side, and the primary side and the secondary
side are electrically insulated and circuits coupled at the two
sides are 1solated.

The transformer drive circuit 10 1s coupled to the primary
side of the transformer 20, and receives a digital signal input
Vs1. The transformer drive circuit 10 1s also referred to as a
transformer driver, which can be, for example but not
limited to, implemented by an integrated circuit (IC). The
transiformer drive circuit 10 converts the digital signal input
Vsi1 mto a drive signal with a duty cycle corresponding to a
logic level of the digital signal input Vsi according to the
logic level. In other words, when the logic level of the digital
signal input Vsi1s different, the duty cycle of the drive signal
converted by the transformer drive circuit 10 1s different.
The transformer drive circuit 10 uses the drive signal with
the duty cycle to drive the secondary side of the transformer
20. In the present disclosure, the digital signal mnput Vsi has
a power content, that 1s, in addition to a data content, the
digital signal input Vsi1 also has the power content. There-
fore, the transmission of the data and power can be inte-
grated 1n the network. Based on this, the network commu-
nication power supply of the present disclosure neither
requires using the photo coupler shown 1n FIG. 1 nor using
the auxiliary power which 1s provided to supply power to the
photo coupler shown 1n FIG. 1.

The rectifier 30 1s coupled to the secondary side of the
transformer 20 and converts the power content to provide a
power source. As shown i FIG. 3, the rectifier 30 1s a
diode-capacitor rectifier. Specifically, the rectifier 30
includes a diode D1 and a capacitor C1. An anode of the
diode D1 1s connected to one end of the secondary side (such
as a dot end of the secondary side) of the transformer 20. A
first end of the capacitor C1 1s connected to a cathode of the
diode D1, and a second end of the capacitor C1 1s coupled
to the other end of the secondary side (such as a non-dot end
of the secondary side) of the transformer 20. In one embodi-
ment, a square-wave power coupled at the secondary side of
the transformer 20 1s rectified by the rectifier 30 so as to
generate (output) the power source at two ends of the
capacitor C1.

The modulation signal duty cycle detection circuit 40 1s
coupled to the rectifier 30. That 1s, the power source gen-
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crated at the two ends of the capacitor C1 of the rectifier 30
1s provided to supply power to the modulation signal duty
cycle detection circuit 40. As shown 1n FIG. 3, the modu-
lation signal duty cycle detection circuit 40 includes a
three-end voltage regulator D3, a filter unit having a first
capacitor C2 and a first resistor R1 connected to the first
capacitor C2 in parallel, and a switch unit Q1. The switch
umt Q1 1s, for example but not limited to, a bipolar junction
transistor (BJT). The three-end voltage regulator D3 has a
cathode end, an anode end, and a reference end. The cathode
end and the anode end are coupled to the capacitor C1 of the
rectifier 30 1n parallel, and receive the power source to

supply the required power to the modulation signal duty
cycle detection circuit 40. The filter unit composed of the
first capacitor C2 and the first resistor R1 1s coupled between
the reference end and the anode end. The switch umt Q1 1s
coupled between the cathode end and the anode end.

In one embodiment, 1t 1s assumed that the three-end
voltage regulator D3 has a 2.5-volt reference voltage 1nside,
that 1s, when a voltage received at the reference end of the
three-end voltage regulator D3 1s greater than the reference
Voltage (1.e., 2.5 volts), the three-end voltage regulator D3 1s
in a state of reverse-breakdown (reverse-bias), and therefore
a stabilized (fixed) voltage of 2.5 volts provided between the
cathode end and the anode end can achieve the function of
a voltage regulator. Therefore, as shown in FIG. 3, the
clectrical energy coupled through the secondary side of the
transformer 20 1s filtered by the filter unit composed of the
first capacitor C2 and the first resistor R1, and 11 a voltage
of the filtered electrical energy 1s greater than 2.5 volts, a
voltage of 2.5 volts 1s provided between the cathode end and
the anode end.

Under a circuit design, when the duty cycle of the drive
signal converted by the transformer drive circuit 10 1s
greater than a duty cycle value, such as but not limited to
50%, the power source outputted from the diode D1 and the
capacitor C1 of the rectifier 30 will be greater than 2.5 volts.
On the contrary, when the duty cycle of the drive signal 1s
less than or equal to the duty cycle value, the power source
outputted from the diode D1 and the capacitor C1 of the
rectifier 30 will be less than or equal to 2.5 volts.

Specifically, since an emitter of the switch unit Q1 (1.e.,
BJT) 1s coupled to the diode D1 and the capacitor C1 of the
rectifier 30, and a base of the switch unit Q1 1s coupled to
the cathode end of the three-end voltage regulator D3, a
voltage at the base of the switch unit Q1 1s 2.5 volts and a
voltage at the emitter of the switch unit Q1 1s greater than 2.5
volts when the power source 1s greater than 2.5 volts
(correspondingly, the voltage recerved at the reference end
of the three-end voltage regulator D3 1s greater than 2.5
volts). At this condition, the switch unit 10 1s turned on so
that a digital signal output Vso outputted from the modula-
tion signal duty cycle detection circuit 40 1s high-level in
voltage. On the contrary, the voltage at the base of the switch
umt Q1 1s less than 2.5 volts (and also less than the voltage
at the emitter) and the voltage at the emitter of the switch
umt Q1 1s less than 2.5 volts when the power source 1s less
than 2.5 volts (correspondingly, the voltage received at the
reference end of the three-end voltage regulator D3 1s less
than 2.5 volts). At this condition, the switch unit 10 1s turned
ofl so that the digital signal output Vso outputted from the
modulation signal duty cycle detection circuit 40 1s low-
level 1n voltage. Accordingly, the modulation signal duty
cycle detection circuit 40 can output the high-level digital
signal output Vso or the low-level digital signal output Vso
according to the duty cycle of the drive signal.
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As shown 1n FIG. 3, the rectifier 30 further includes a first
diode D2, and the first diode D2 1s coupled between the
anode of the diode D1 and the reference end of the three-end
voltage regulator D3. The first diode D2 1s used to limat that
the current passing through the first diode D2 can only go in
one direction (1.e., the forward direction) from the trans-
former 20 to the modulation signal duty cycle detection
circuit 40. The modulation signal duty cycle detection circuit
40 further includes a second resistor R2, a third resistor R3,
and a fourth resistor R4. The third resistor R3 1s coupled
between the base of the switch unit Q1 and the cathode end
of the three-end voltage regulator D3 for limiting a current
flowing into the base of the switch unit Q1, thereby pro-
tecting the switch unit Q1. The second resistor R2 1s coupled
between the cathode of the diode D1 of the rectifier 30 and
the cathode end of the three-end voltage regulator D3 for
ensuring that the switch unit Q1 1s turned off when the power
source 1s less than 2.5 volts and the voltage at the base of the
switch unit Q1 1s less than the voltage at the emitter of the
switch unit Q1. The fourth resistor R4 1s coupled between a
collector of the switch umt Q1 and the anode end of the
three-end voltage regulator D3 for being as an output end of
outputting the digital signal output Vso.

In conclusion, the present disclosure has following fea-
tures and advantages:

1. The network communication power supply of the
present disclosure does not requires using the photo coupler
so as to reduce equipment (device) cost and simply circuit
control.

2. Due to the absence of the photo coupler, no auxiliary
power for supplying power to the photo coupler 1s required
so as to omit the circuit design of the auxiliary power.

Although the present disclosure has been described with
reference to the preferred embodiment thereof, 1t will be
understood that the present disclosure 1s not limited to the
details thereof. Various substitutions and modifications have
been suggested 1n the foregoing description, and others will
occur to those of ordinary skill in the art. Theretfore, all such
substitutions and modifications are intended to be embraced
within the scope of the present disclosure as defined 1n the
appended claims.

What 1s claimed 1s:

1. A network communication power supply with digital
signal 1solation, comprising:

a transformer having a primary side and a secondary side;

a transformer drive circuit coupled to the primary side,
and configure to receive a digital signal mmput and
convert the digital signal input 1nto a drive signal with
a duty cycle corresponding to a logic level of the digital
signal input according to the logic level, wherein the
digital signal input having a power content;

a rectifier coupled to the secondary side and configured to
convert the power content to provide a power source;
and

a modulation signal duty cycle detection circuit coupled
to the rectifier and supplied power by the power source
provided from the rectifier, and configured to provide a
digital signal output with a high or low level according
to the duty cycle.

2. The network communication power supply with digital
signal 1solation as claimed 1n claim 1, wherein the rectifier
1s a diode-capacitor rectifier.

3. The network communication power supply with digital
signal 1solation as claimed 1n claim 2, wherein the rectifier
COmMprises:
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a diode, an anode of the diode connected to one end of the
secondary side, and

a capacitor, a first end of the capacitor connected to a
cathode of the diode, and a second end of the capacitor
connected to the other end of the secondary side.

4. The network communication power supply with digital
signal 1solation as claimed i1n claim 2, wherein the modula-
tion signal duty cycle detection circuit comprises:

a three-end voltage regulator having a cathode end, an
anode end, and a reference end, the cathode end and the
anode end configured to receive the power source;

a filter unit coupled between the reference end and the
anode end; and

a switch unit coupled between the cathode end and the
anode end.

5. The network communication power supply with digital
signal 1solation as claimed in claim 3, wherein the modula-
tion signal duty cycle detection circuit comprises:

a three-end voltage regulator having a cathode end, an
anode end, and a reference end, the cathode end and the
anode end configured to receive the power source;

a filter unit coupled between the reference end and the
anode end; and

a switch unit coupled between the cathode end and the
anode end.

6. The network communication power supply with digital

signal 1solation as claimed in claim 4, wherein the filter unit
COmprises:

a first capacitor; and

a first resistor connected to the first capacitor in parallel.

7. The network communication power supply with digital
signal 1solation as claimed in claim 5, wherein the filter unit
COmprises:

a first capacitor; and

a first resistor connected to the first capacitor 1n parallel.

8. The network communication power supply with digital
signal 1solation as claimed 1n claim 1, wherein the trans-
former drive circuit 1s configured to drive the primary side
of the transformer according to the duty cycle of the drive
signal.

9. The network communication power supply with digital
signal 1solation as claimed 1n claim 1, wherein when the duty
cycle 1s greater than 50%, the digital signal output is
high-level; when the duty cycle 1s less or equal to 50%, the
digital signal output 1s low-level.

10. The network communication power supply with digi-
tal signal 1solation as claimed in claim 1, wherein the
transformer drive circuit 1s an integrated circuit.

11. The network communication power supply with digi-
tal signal 1solation as claimed 1n claim 4, wherein the switch
unit 1s a bipolar junction transistor.

12. The network communication power supply with digi-
tal signal 1solation as claimed 1n claim 5, wherein the switch
unit 1s a bipolar junction transistor.

13. The network communication power supply with digi-
tal signal 1solation as claimed in claim 4, wherein the
rectifier further comprises:

a first diode coupled between the anode of the diode and

the reference end of the three-end voltage regulator.

14. The network communication power supply with digi-
tal signal 1solation as claimed in claim 5, wherein the
rectifier further comprises:

a first diode coupled between the anode of the diode and

the reference end of the three-end voltage regulator.
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